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ABSTRACT:· 
Corpora lutea from non-pregnant cycling sows were 
• • • • collected and the tissues enzym~tically dispersed. The 
components of the resulting cell • suspension were 
separated by microfiltration or fluorescence activated 
cell sorting (FACS) to yield highly purified preparations 
~ 
(90-99%) of small thecal lutein cells (STL, 15-20 µ,. 
diameter) and large granulosa lutein {LGL, 35-50 µ, 
diameter) cells. Progesterone output by preparations of 
4 x 104 STL; 1 x 104 LGL or mixtures comprised of 4 x 104 
STL and 1 x 104 LGL cells in serum-free defined media 
were quantitated by specific radioimmunoassay (RIA) at 1, 
2, 4, 8, and 24 hours in the presence or absence of lOOng 
hCG. Stimulation by hCG resulted in the increased 
secretion of progesterone in all preparations. On a per 
cell basis, basal progesterone output by LGL populations 
was approximately 22 fold greater than that of their 
small thecal counterparts after 24 hours (85.22 ± 17.36 
ng/mL per 104 LGL versus 15.88 ± 1.08 ng/mL per 4 x 104 
STL). Contrary to previous findings, the LGL cells·were 
found to be slightly more responsive to gonadotropin 
challenge, achieving maximal stimulation of 1. 8 fold 
above basal levels by 4 hours. STL cells exhibited only 
a~ maximal value of 1. 5 fold above basal levels by 4 
hours. Co-culturing of the two luteal cell types 
(mixtures) exhibited a dramatic increase in progesterone 
1 
output, basal levels exceeding 60'0 ng/mL by 24 hours. 
Gonadotropin challenge of the mixtures resulted in the 
increased secretion of 1.7 fold above basal levels (1050 
ng/mL). These values correspond to a 6.9 and 6.3 fold 
• 
increase above values obtained by summation of the 
individual populations in the presence or absence of 
stimuli, respectively. This investigation provides 
evidence for in the individual contribution of two 
steroidogenic cell types to the normal function of the 
porcine corpus luteum. Furthermore, the data indicates 
the presence of a synergistic interaction between these 
two cell types in the biosynthesis of progesterone. 
2 
I .• IHTRODUCTIOH 
The exact mechanisms involved in steroid biosynthesis 
.. 
within the mammalian ovary remain to be clearly defined. 
During the follicular phase the principal steroid 
secreted by the ovary • 1S estrogen. A number of 
researchers have provided evidence indicating that this 
steroid is produced by the cooperative interaction of the 
theca interna and granulosa cells of the follic1e< 1, 2>. The 
theca cells synthesize androgen from sterol precursor 
supplied by a rich capillary network<3-5>. Due to a lack of 
aromatase in the theca cells, these cells shuttle 
androgen to the granulosa cells which possess the 
aromatase activity necessary for estrogen production<6, 7>. 
Thus, an obligate relationship exists between these two 
cell types in the production of estrogen. 
Following ovulation and with onset of the luteal 
phase, the ovary switches from being a predominantly 
estrogen secreting organ to a primarily progesterone 
secreting gland. Formation of the corpus luteum (CL) is 
characterized by the extensive growth and differentiation 
of the theca interna and granulosa layer into the small 
.. 
thecal lutein (STL) and large granulosa lutein (LGL) 
cells, respecti ve1y<8>. Both differentiatei~ luteal cells 
types express cytochrome P450 sec and 3-S-hydroxysteroid 
0 
dehydrogenase activity and produce progesterone from 
3 
j. 
·;:, 
lipoporotein derived cholesterol <6,9• 10>. Therefore, a 
further obligatory interaction in the production of 
steroid by these luteinized cell types does not appear to 
be necessary. 
In order to acquire a clear understanding as to the 
function of any cell type, a pure population must 
ultimately be obtained. While both luteal cell types have 
been well characterized ul trastructurally< 11 , 12>, 
ambiguities remain as to the individual population's 
contribution to progesterone biosynthesis. Exploitation 
of the size difference between the two cell types has 
been the primary basis for separation and subsequent 
biochemical analysis. Hydrodynamic methods of 
separation<11 , 13- 15 , 17-19> have resulted in only partially 
purified preparations of LGL cells for biochemical study. 
. . ~ Thus, the lack of a satisfactory separation method has 
hindered the study of the individual function and, 
consequently, the establishment of any functional 
interaction between steroidogenic cell types in the 
mammalian CL. 
Through the development of fluorescence activated cell 
sorting (FACS), a number of cell types have not only been 
separated, but also identif ied<20-22>. In this 
investigation, we report a method for the resolution of 
highly purified viable Large Granulosa cells of the 
porcine CL using the FACS system. We have examined the 
4· 
~· 
individual steroidogenic res.ponse to gonadotropin, as 
well as the presence of a functional i~teraction in the 
biosynthesis of p~ogesterone in vitro. 
' 
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II. MATERIALS ARD METHODS 
A. Buffers 
\ 
Buffer A was minimum essential medium with non-
essential amino ~cids, Hanks' salts and L-glutamine 
supplemented with 10mm Hepes, 1.0g BSA (Fraction V), 
0.8g B-D-glucose, 10ml streptomycin/ penicillin 
solution, 70mg gentamycin sulfate and 0.35g sodium 
bicarbonate, pH 7.3. 
Buffer B was Hanks' balanced salt solution without 
calcium chloride, magnesium sulfate or phenol red 
supplemented with 10mm hepes, 10ml 
streptomycin/penicillin solution and O. 35g sodium 
bicarbonate, pH 7.3. 
Buffer C was DMEM/Hams F-12 (50:50) supplemented with 
10mm hepes, pH 7.1, 0.43.Sg L-glutamine, 2.5mg transferrin 
(bovine, iron saturated), l.Og BSA (Fraction V), 1-ml of 
a lmg/ml solution of porcine insulin in O.lM HCl, 10mg 
LDL in PBS, 100-ul of 1-mg/ml FSH in deionized H2o· and 
10ml of streptomycin/penicillin solution. 
We have termed this buff er CMPOC (culture media for 
porcine ovarian cells). 
All 3 buffers were prepared to 1-liter volumes. All 
' - >-I\ buffers and reagents were purchased from Sigma Chemic~! 
Co., st. Louis, Mo. with the exceptions of transferrin 
r 
(Miles Diagnostics, Kankakee, IL) , sodium bicarbonate 
' (Fisher Scientific, Pittsburgh, Pa.). Porcine LDL was 
isolated and supplied by Drs. E.A. Nau and B. Obrepalska-
... 
Bielska using standard KBr methods. Follicle Stimulating 
Hormone was a gift from the National Institutes of 
Health, Bethesda, Md . 
• B. Tissues 
While methods for the determination of the stage ff 
gestation have been perf armed . using fetal size as an 
index, it is impossible to assess the exact day of the 
estrous in very early pregnancy or non-pregnancy animals 
at the abattoir. As such, we have incorporated our own 
set of criteria for tissue selection in order to create 
a uniform population devoid of incompletely luteinized or 
regressing tissues. 
Tissues selected contained 6-10 corpora lutea per 
ovary. ,,C.L. diameter was typically o.s-1.1 cm, weighing 
approximately o. 35-0. 42g after decapsulation. Heavy 
vascularization of each gland was also a criterion as was 
vascularization of the uterus. Uteri conforming with 
said parameters were swollen 3. 5-4. O cm and were pu~plish 
in color. Ovaries from obvious pregnancy were not 
selected and when in doubt, in situ dissection of each 
uteri was performed. ovaries containing large 
7 
preovulatory follicles (>0.5 cm diameter), cysts, corpora 
haemorrhagia or numerous corpora albicans were also not 
cavities . i;elected. The presence of··~ large antral 
containing either follicular fluid or large blood clots 
within a C.L. presented the possibility of incomplete 
luteinization and tissue thus discarded • 
Selected • ovar 1es were dissected from surrounding 
tissues and immediately placed in ice-cold buffer A for 
return transport to the laboratory. Tissue was then 
rinsed twice in 70% ETOH, twice in fresh buffer A, 
decapsulated, weighed, minced and resuspended in fresh 
Buffer A. 
c. Cell Suspensions 
Enzymatically dispersed cell suspensions were prepared 
by slight modifications of standard methods. Briefly, 5-
ml of buff er A containing 2, 000 I. U. of collagenase type 
IV and 0.2% DNase I were added per gram of tissue. The 
suspension was then placed in a Dubnoff Metabolic Shaking 
Incubator (GCA Precision Scientific, Chicago, Il.). 
After 20-30 minutes, the suspension was allowed to settle 
at unit gravity for 5 minutes on ice, the supernatant 
discarded and tissue resuspended in fresh Buffer A 
containing collagenase/DNase as described. Incubation 
was continued for an additional 90 minutes at the end of 
8 
) 
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which, remaining tissue was further disrupted by 10 
passages through a fire polished pasteur pipette. The 
suspension was then filtered through a 150u nylon mesh 
(Spectrum,, Los Angeles, ca.) onto a 50 ml falcon 
J 
Propylene Centrifuge tube (Becton Dickinson Labware, 
Lincoln Park, NJ). Suspensi·on volume was brought to so:.. 
ml using Buffer Band washed 2-3 times using a Beckman 
GPR tabletop centrifuge equipped with a GH-3.7 swinging 
bucket rotor (Beckman Instruments, Palo Alto, Ca.) at 450 
RPM (23 x g), 4°C, for 10 minutes. The final cell pellet 
was resuspended in 9-ml of Buffer·a containing 0.5mg/ml 
trypsin and volume brought to 10-ml by addition of 1-ml 
of a lOmg/ml of DNase I in Buffer A. The mixture was 
reincubated as above for 30 minutes at the end of which, 
soybean trypsin inhibitor and 200mm EDTA (final 
concentration -- terminate the added 4mm) to were 
reaction. The suspension _was passed through a 150 µ, 
nylon mesh to remove any DNA gel material present. 
Preparations which failed to yield suspensions less than 
80% viable, as determined by trypan blue exclusion, were 
discarded. Cell mixtures were then washed four times in 
buffer A under the conditions described for previous cell 
washing, once in Buffer c and the final pellets resuspend 
in 10 ml of Buffer c. The mixtures were stored in 15 ml 
falcon polypropylene tubes and stored overnight • in a 
Queue Cell Culture Incubator (Queue Systems, Parkersburg, 
9 
·, 
', 
W. V.) , 95% • air, 5% co2 , 37°C, hum·idified environment • 
All reagents listed were purchased from Sigma Chemical 
"' 
co., st. Louis, MO. 
D. Cell Separations 
Preparations of highly purified (95-99%) small lutein 
cells were obtained by filtering the cell mixture 
immediately after trypsin treatment through a double 
thickness of 20 µ, nylon mesh (Spectrum, Los Angeles, ca.) 
twice. This suspension was then washed four times in 
Buffer A, once in Buffer C and the final pellet 
resuspended and incubated as above with the exception 
that velocity was increased to 850 RPM (80 x g) during 
cell washing. 
Populations of large luteal cells were derived by . 
first passing the suspension through a syringe fitted 
with a 26-1/2 gauge needle 5-10 times. The suspension 
was then filtered through a 60 µ, mesh to remove cell 
aggregates. 
fluorescence 
Highly purified {92-99%) were obtained by 
~ 
activated cell sorting as described below. 
After separation, cells were handled as the mixture 
described above, with washing velocity again reduced to 
450 RPM (23 X g). · 
10 
" 
E. Flow Cytometry 
Cell sorting was · performed on a BD Facstar Plus 
(Becton Dickinson, Mountain View, Ca.) fdow cytometer 
equipped with an argon/ ion laser. The laser was tuned to 
488nM at 100-200mW output power. Cellular 
autofluorescence at two different emission wavelengths 
was measured with 530/JOnM and 575/26nM . band pass 
filters. Signals were amplified to a four decade log 
scale and comparison of autofluorescence provided clear 
discrimination of large and small luteal cells. Analysis 
and sorting were performed with Consort 40 software 
(B.D.), at a rate of 300-500 cells/sec through a 70 nM 
nozzle. Additional monitorin~~and verification of cell 
populations was completed using forward angle and 90° 
light scatter signals amplified on a linear scale and 
collected through 488/10 band pass filters. Purified 
cell populations were collected onto a 10% BSA cushion in 
Buffer A and verified by histogram analysis and light 
• microscopy. 
r, 
11 
F. Steroid Assays 
Cells were washed 3-4 times in Buffer C to remove dead 
cells and debris. Dilutions were made in Buffer C to 
yield lxl04 large and 4x104 small viable cells/ml since 
this was the ratio observed in unseparated mixtures. 
One ml of suspension containing either small, large or 
a mixture of small and large cells were placed into each 
of 12x75mm round bottom polypropylene culture tubes 
(Fisher Scientific, Pittsburgh, Pa.) in duplicate or 
triplicate, depending on cell availability. Experimental 
tubes received 100 ng/ml of crude hCG (Sigma, st. 
Louis,Mo.) delivered in a 10 µl volume of PBS containing 
0.1% BSA while control tubes received 10 µl of vehicle. 
Tubes were gently hand vortexed and incubated for 1, 2, 
4, 8 and 24 hours post stimulation in a Queue Cell 
Culture Incubator as previously described. Each tube was 
removed at the appropriate time interval and placed on 
ice until all tubes were collected. A reconstitution 
mixture of 1:4 large:small cells were treated as 
described above. The tubes were centrifuged at 1, 000 RPM 
on the Beckman Centrifuge for 15 minutes at 4°C, 
supernatant was removed and frozen at -20°c until 
progesterone content was determined by specific RIA. 
12. 
,r • I 
iJ. 
G. Steroid RIA 
Specific RIA were .performed using the Coat-A-count 
Progesterone Radioimmunoassay Kit (Diagnostic Products 
Corporation, Los Angeles, ca.) as per manufact~er's 
recommendations. Standard calibrators ranging from o. o-
40ng /ml were used and results plotted on logit-log graph 
paper provided. Sample dilutions were performed for 
large and mixed samples~ using Buffer c. 
sensitivity was typically 0.5%. 
13 
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III. RESULTS 
Fluorescence activated cell sorting yielded highly 
purified preparati~ns of LGL cells. Figure 1 depicts 
histograms of an unseparated cell mixture (panel A and B) 
compared to that of a highly purified LGL cell 
preparation (panel C and D). The large cell population 
(right peaks in panels A and B) contained within the 
535 -776 window in fluorescent channel 1 and the 
533 - 808 window in fluorescent channel 2 comprised 54.1% 
and 54.8% of the total number of events detected by the 
FACS, respectively, in the unseparated mixture presented. 
Cellular autofluorescence varied slightly between 
preparation of different days. Thus, window settings were 
determined empirically for each run. Fractions were 
collected and analyzed by light microscopy until 
preparations of sufficient purity were generated. A two 
parameter contour display, using the log of fluorescent 
channel 1 versus the log of fluorescent channel 2 was 
generated for sorting the LGL c,ells from contaminating 
cell types which clearly discriminated both cell 
populations (Figure 2). The window placed to sort the 
large cell population is shown as a box surrounding this 
population in the right upper quadrant. Sorting 
efficiency was low with retention of one event per every 
10 discarded. 
14 
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Figure 1. Histograms of an unseparated cell mixture (panel A and B) 
compared to a purified population of large granulosa lutein cells (panel C and D). Cellular autofluorscence was measured at two 
different emission wavelengths using 530/30 nM and 575/26 nM band 
pass filters for the fluorescence channel 1 (panel A and C) and 
fluorescence ·channel 2 (panel Band D), respectively. The window 
setting cutoff points are indicated by the vertical bars in panel A 
and B. 
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Figure 2. Two parameter contour display of an unseparated luteal 
cell mixture. Cellular autofluorescence was measured by 2 different fluorescent emissions. Plotting the log of the fluorescence channel 1 (Y axis) versus the log of the fluorescence channel 2 (X axis) allowed for the clear discr.imination of the 2 cell populations. The 
window used to separate the two cell populations is shown around the LGL cells population. 
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. "' In unseparated mixtures, LGL cells comp~ed 20-25% of 
the two luteal cell populations .J -AftJ sorting and 
collection, sample purity was determined to be between 
92-98% by histogram analysis. In panels c and D of Figure 
1, it can ·be seen that the total percent of events 
falling within the area of the peak containing the 
purified large 'population was 92.2% and 93.5% within the 
two fluorescent channels 1 and 2, respectively. Increased 
peak height corresponded to an increase in the frequency 
of total events detected by the FACS at these window 
settings indicative of successful purification. 
Contaminants are shown as left sided tails in each of the 
fluorescent channel histograms and as low scattering in 
the lower left quadrant of the two parameter contour in 
Figure 3. Light microscopy revealed the contaminants to 
be cell nuclei and other cellular debris. No STL cells 
were· detected in the preparations used. A photomicrograph 
of a purified LGL cell preparation is shown in Figure 4. 
The purity of this preparation was determined to be 83% 
by histogram analysis and was not used in steroid assays. 
Only preparations exhibiting purities >90% by histogram 
analysis and light • microscopy were subjected to 
gonadotropin challenge. 
17 
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Figure 3. Two parameter contour display of a purified LGL cell 
population. Sorted samples were subjected to histogram analysis to 
determine the relative purity of the preparations. Further 
verification of sample purity was performed by light microscopy. 
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... 
Figure 4. Photomicrograph of LGL c e ll s i so l ated by FACS . Light 
microscopy verification of samp l e purity s howed no STL c e ll s to be 
present in the preparations used in gonadotropin r esponse studies . 
This particular preparation revealed approx imate ly 20 % cont aminat ion 
by STL cells and the preparation was not utilized in steroidogenic 
assays . 
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The combined average progesterone output by the 
individual cell types and mixtures are shown in Table 1. 
The progesterone content in · the supernatant by 
(~ { ' 
incubations of 4 x 104 STL cells over a 24 hour period, 
in the absence or presence of 100 ng hCG is ~llustrated 
in Figure 5. Stimulation above basal levels was minimal 
during the first two hours of incubation (= 1.2 fold) 
reached a maximum of 1. 5 fold by 4 hous and had decreased 
to 1.3 fold by 8 and 24 hours. Jncubations of 1 x 104 LGL 
cells in the presence of hCG resulted in a 1.4 fold at 1 
hour and 1. 6 fold at 2 hours increase above basal levels, 
reaching a maximum of 1.8 fold increase by 4 hours. By 8 
hours, levels had decreased to those equivalent to a 1 
hour incubation, but had increased again to 1.6 fold by 
the end of the 24 hour incubation. (Figure 6) The 
accumulation of progesterone in the supernatant fluid of 
these cells was much greater,~ 6.7 fold (136.09 ± 17.70 
ng/mL versus 20.37 ± 0.22 ng/mL) for stimulated samples 
and~ 5.4 fold (85.22 ± 17.36 ng/mL versus 15.88 ± 1.08 
ng/mL) for the unstimulated preparations. On a per cell 
basis this corresponds to an = 27 fold and 22 fold 
greater progesterone output by stimulated and non-
stimulated LGL cells, respectively. 
20 
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Table 1. Progesterone ···output by STL; LGL and mixtures of STL and LGL cells. 
Cells were incubated in CMPOC in the absence or presence of 100 ng hCG and 
incubated for the time interval shown. Determinants of progesterone content 
were performed by specific RIA. Values are expressed as ng/ml ± s.e.m. (n=3 for 
STL and LGL, n=4 for mixtures). 
Small Thecal Large Granulosa Mixture 
Luteal Lutea,1 
time +hCG -hCG +hCG -hCG +hCG -hCG 
(hrs) 
1 3.61 2.94 18.76 9.64 136.11 96.13 
(0.30) (0.39) (3.23) (1.79) (17.49) (11.75) 
2 4.54 3.81 28.55 17.53 211.03 127.86 
(0.30) (0.34) (2.49) (2.67) (25.79) (21.60) 
4 7.37 4.92 49.16 27.85 320.52 208.86 
(0.23) (0.12) (5.91) (3.08) (40.17) (23.96) 
8 12.11 9.07 68.27 48.08 440.09 296.06 
(1.26) (0.80) (5.13) (6.04) (37.49) (43.3) 
24 20.37 15.88 136.09 85.22 1071.23 634.45 
(0.22) (1.08) (17.70) (17.36) (73. 76) (88.45) 
progesterone output by STL cells 
c~mbined data · 
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Figure 5. Progesterone output by 4 x 104 STL cells in the absence 
(ctl) or presence (exp) of 100 ng hCG. Incubations were carried out 
for the time shown. Supernatants were collected and frozen until 
progesterone content was measured by specific RIA (n=J·). 
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Figure 6. Progesterone output by 1 x 104 LGL cells in the a.l::>.~ence (ctl) or presence (exp) of 100 ng hCG. Incubations were carkied out for the time shown. Supernatants were collected and frozen until 
progesterone content was measured by specific RIA (n=3). 
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When the two cell, types were co-cultured (unseparated 
mixtures) stimulation by gonadotropin lead to a maximum 
1.7 fold increase above basal levels by 24 hours (Figure 
7). The stimulation of progesterone secretion was 
extensive, progesterone output by stimulated mixtures 
accumulating to 1071.23 ± 85.28 ng/mL and that 
unstimulated controls to 634.45 ± 51.13 ng/mL by 24 
hours. These values correspond to · a 6. 9 and 6. 3 fold 
greater output by stimulated and non-stimulated cells, 
respectively, than would be expected by the summation of 
the values observed in the individual populations alone 
(Figure 8). Table 2 depicts the percent of progesterone 
secreted above basal levels by 5 unseparated mixtures 
compared with those of a reconstituted mixture. The 
values obtained by reconstitution were 95%, 81% and 92% 
for 1, 4, and 8 hours, respectively, of the average 
0 percent progesterone secreted above basal levels by 
'' 
unseparated mixtures not treated by FACS analysis. 
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Figure 7. Progesterone output by a cell mixture of STL and LGL 
cells. Ratio of cells was typically 4 to 1 small to large cells, 
respectively. Experimental (exp) samples received 100 ng hCG 
delivered a 10 µl volume of PBS plus O .11 BSA. Controls ( ctl) 
received 10 µl of vehicle. Progesterone content on supernatants of 
these samples were quantitated by specific RI~ (n=4). 
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Figure 8. Summary of the progesterone' output by STL; LGL and 
mixtures of both cell types. 
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Table 2. The percent of progesterone produced above basal levels by stimulation 
of co-cultured cells. Columns 1-4 represents the results obtained for 4 trials of 
unseparated mixtures. Column 5 depicts the results obtained by reconstitution of 
large and small luteal. cells into equimolar ratios observed in unseparated 
mixtures. Column 6 depicts the values obtained·· for an unseparated mixture run in 
parallel to the reconstituted mixture. 
percent progesterone produced above basal level 
experiment number 
time 1 2 3 4 5 6 Avg 
1 187 153 106 127 129 115 136 
2 292 151 128 147 127 169 
4 145 136 182 170 117 120 145 
• 
8 157 126 188 146 140 163 153 
I 
IV. Discussion 
The present study has succeeded in qualifiying the 
0 individual contribution of two highly purified luteal 
cell types in vitro, as well as demonstrating the 
presence of a strong synergistic interaction between the 
two cell types in the biosynthesis of progesterone. 
studies as to the individual steroidogenic 
contribution of each cell type in the corpus luteum has 
been largely obscurred by the difficulty encountered in 
obtaining pure preparations. Previous separation methods 
attempting to exploit the size difference between these 
two cell types have met with limited success, primarily 
due to the incomplete enzymatic dissociation of cell 
aggregates into monodispersed suspensions. The small 
thecal cells are particularly resistant to monodispersion 
since aggregation and reaggregation following initial 
dispersion involves areas of close abuttment with 
associated adherens type junctions connecting membranes 
of adjacent cells as described by Rodgers et al <12>. 
Consequently, only partially purified, or enriched 
preparations, contaminated by co-migrating STL 
aggregates, have been achieve4 by hydrodynamic methods -of 
separation<11 • 15, 17-19>. 
.. 
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Unit gravity sedimentation yielded large cell 
preparations containing 75% contamination by STL 
ce11s< 11 >. Differential centrifugation on Ficoll 400 
gradients provided preparations of large cells which were 
50. 7 - 58. 6%< 19> pure while elutriation yielded fractions 
of approximately 75% pure· LGL ce11s<17>. Fluorscence 
activa~ed cell sorting provides a system by which highly 
purifed viable cells can be obtained. The use of this 
technology was first reported by Alilah et al <22> using 
enzyme dispersed bovine luteal cells. These researchers 
employed forward low-angle scat~er (a measure of cell 
size) and cellular autofluorescence to obtain luteal cell 
populations of 90 - 99% purity. We chose cellular 
autofluorescence, measured by two different fluorescent 
emission channels, as our criterion for separation. 
Purity of preparations obtained by this method ranged 
from 92 - 98%. 
In order to determine whether FACS treatment somehow 
impaired LGL cell performance, isolated large cells were 
reconstituted with small luteal cells at a ratio 
equivalent to that found in unseparated mixtures ( 1 
large to 4 small cells). The reconstituted cell mixture 
responded to gonadotropin challenge • in a manner 
c9mparable to that of unseparated mixtures, indicating 
that little to no damage had occurred to these cells in 
the course of FACS separation. 
29 
'. 
{ 
.. 
Oqr results are consistant with that of various,other 
researchers<13-,s, 17• 18•22>. Rodgers and o' Shea<14> found basal. 
progesterone secretions by large luteal cells to be 10 
fold greater than that of their small thecal counterparts 
in bovin,e system. Fitz et al <15> concluded basal 
secretions of LGL cells to be ~ 20 fold great~r. On a per 
•-, 
cell basis, our results show,a 22 fold greater secr\tion 
of progesterone by the LGL cell type. Furthermore, 
stimulation of LGL cells by gonadotropin challenge showed 
approximately 1. 8 fold above basal secretions compared to 
an ~2 fold increase observed by Alilah et a1<22>. Basal 
secretions of progesterone by the small thecal cells also 
correlate well with those of the later author. 
Incubations of 1 x 105 STL cells over a 2 hour period 
resulted in progesterone secretions of 10 .14 ± 2. 97 ng/mL 
·~ 
compared to 3. 81 ± o. 34 ng/mL }roduced by 4 x 104 STL 
cells in our assays. Stimulation of the small thecal 
·, cells by 100 ng hCG resulted in a maximum response of 1. 5 
fold above basal secretions attained by 4 hours. This is 
in contrast to a 6 fold elevation of progesterone 
production in response to gonadotropin challenge observed 
by • various other investigators<13- 15 , 17• 18•22> • All 
preparations responded to gonadotropin challenge and 
secreteq. progesterone at basal levels comparable to 
published values< 16•22>. 
30 
A possible explanation for the low levels of 
.stimulation attained in the small thecal cell 
preparatioris may lie in the purity and dose of 
gonadotropin used. The majority of steroidogenic response 
studies have been conducted using LH stimulation. The 
present study employed hCG as the gonadotropin of choice. 
Differences in the steroidogenic response elicited by 
target cells by LH and hCG stimulation have been reported 
in the ovine system<16>. Mock and Niswender<23> observed an 
=40 and 60 fold slower rate of internalization of human 
LH and hCG, respectively, by ovine luteal cells compared 
to that of native hormone, although the binding affinity 
of hCG was =so fold greater than that of ·oLH. Species 
specificities may play a role in these respects since 
porcine luteal cells also preferentially bind 
gonadotropin of native origin<24>. These observations 
indicate that the variability in choice of gonadotropin 
and their preparation may account in part for the 
disparities 
investigation. 
observed • in different s.ystems of 
Ul trastructural analysis of the large and small luteal 
cell types have demonsttated differences in intracellular · 
< 
composition as described by Rodgers et al <12>. The large 
~ 
luteal cells possess a high cytoplasmic density of 
mitochondria and the larger cytoplasmic compartment in 
these cells accomodates the presence of numerous 
. 31 
.. 
cholesterol containing lipid droplets. Thus, these cells 
possess a large amount of readily available subs·trate for 
conversion to hormone product. The rate limiting step in 
the conversion of cholesterol to progesterone has been 
demonstrated to be at the level of cytochrome P450 sec . 
. J\ 
Goldring et al <25 > concluded that once induced, levels of 
cytochrome P 450 sec mRNA continued to be consti tui ti vely 
expressed. Exposure of luteal cells to hcG<32> appears to 
stimulate steroidogenesis by accelerating the movement of 
cholesterol to the inner mitochondrial membrane and 
accumulating cholesterol in the near proximity of 
cytochrome P450 sec. Rodgers et al<> have shown both large 
and small luteal cells to possess this enzyme. The 
concentration of this enzyme was elevated in the LGL 
cells which was due, in part, to a greater volume density 
of mitochondria within this cell type. Nelson et al <17> 
have demonstrated a 2-3 fold greater capacity for 
cytochrome P450 sec in the LGL population. In view of 
i 
these observations, and considering the greater capacity 
of the large luteal cells to accumulate substrate-
containing droplets within their cytoplasm, it is not 
surprising that the LGL cells account for the bulk of 
progesterone output in the mammalian corpus luteum. 
The results obtained for theJt. mixtures of the two 
luteal cell types strongly suggest the presence of a 
synergistic interaction • in the biosynthesis of 
32 
progesterone. Accumulation of progesterone in the 
supernatants of stimulated and non-stimulated cells were 
<! . 
' 6.9 and 6.3 "fold greater, respectively, than would have 
been expected by the summation of the individual 
populations contributions. Lemon and Mauelon<18> first 
observed SU4Ch an interaction in the small and large 
luteal cells of the pig. These researchers also found 
that superfusates from small thecal cells could increase 
progesterone secretion by large luteal cells, but that 
the converse would not maintain such actions. However, no 
evidence in support of this hypothesis was found by 
Rodgers et al <19> in ovine tissues. Such an interaction 
may have been masked by the high degree of STL cell 
contamination in their large cell fractions. More 
recently, Harrison et al <11 > have found a similar 
, 
interaction in the ewe, al though this phenomena was 
dependent on the day of the oestrous cycle and the dose 
of gonadotropin used. 
The buffer system employed in the present report may 
have had an enhancing effect on the biosynthetic 
capabilities of these cells, due to the inclusion of 
multiple cooperative stimulators of steroidogenesis 
( including substrate in the form of LDL). One of the. 
primary roles of FSH h~s been recognized to be the 
induction of functional LH/hCG receptors in the 
developing granulosa and thecal cells<28•29>. The continued 
JJ. 
presence of FSH appears to be required for maintenance of 
the induction process<30> leading to a marked stimulation 
of progesterone secretion in the rat<30>. Similarly, 
porcine granulosa cells respond to FSH by increasing 
LH/hCG receptor content and progesterone secretion<31 >. 
The work of May et al <32> and Veldhuis et al <33> indicated 
a requirement for insulin for LH/hCG receptor induction. 
Barrano and Hammond<~> suggest that transferrin may also 
be involved in receptor induction. The requirement for 
exogenously supplied steroid precursors in the form of 
lipop teins has been demonstarted. in a variety of 
spe ies<35-39> which results in augmented basal and 
gonadotropin stimulated levels of progesterone synthesis 
and secretion. A number of researchers have implicated 
estradiol, in the presence of these various potentiators, 
as an augmenter of progesterone biosynthesis<4o-42>. RIA 
performed on the supernatant of all preparations showed 
no detectable levels present by the end of 24 hours 
incubation in the absence or presence of gonadotropin 
stimulation. Androgens have also been implicated-in the 
enhanced biosynthesis of progesterone<~.">. We have not 
tested for the presence of these steroids • in our 
preparations. It is possible that progesterone, at 
sufficiently high concentrations, alone or in conjunction 
with one or more of these potentiators, may act to 
augment its own production. 
I, 
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The existence of a paracrine protein factor, 
produced by one or both of these · cell types, could 
explain the results observed by co-culture. Various 
potential candidates have been implicated. Fibroblast 
growth factor (FGF) is produced by bovine granulosa cells 
.. 
and its interaction enhan.ces progesterone secretion in 
" 
the presence of low doses of FsH<45, 46>. Similarly, 
insulin-like growth factor (IGF) has been detected in 
porcine granulosa ce11s<48,49> which interact to facilitate 
FSH induction of LH/hCG receptors and enhancement of 
· steroidogenesis<49, 5o>. The production of bioactive TGF-S 
by thecal cells was shown by Skinner et al <51 >. 
Biologically active EGF has been shown to be produced by 
theca interstesia cell populations<52>. This factor 
' 
stimulated FSH induction of LH/hCG receptors and 
augmented steroidogenesis, while reducing aromatase 
activity in granulosa ce11s<53 , 54>. EGF receptor content in 
granulosa cells appeared to be under gonadotropin 
control <55>. Clearly further investigations need to be 
performed for the elucidation of the factor(s) involved 
.,~ in this phenomenon. 
The characterization of , two structurally and 
functionally distinct cell types in · the CL of most 
mammalian species has fascinated investigators for many 
years. This work presents a hypothesis for the continued 
interaction between steroidogenic ce·11 types during the 
35· 
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' luteal- phase of the cycle. How ~ese cell types interact, 
' if at all, in luteal regression remains to be answered. 
Further investigatior(s-;·~-utilizing highly purified luteal 
cell populations, are needed to fully understand the 
;f 
mechanisms governing steroidogensis in the mammalian 
corpus luteum. 
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